Phenol is a volatile organic compound listed by the European Chemicals Agency on the Priority List 1 under the REACH Regulation^[@ref1]^ and by the United States Environmental Protection Agency on the List of Hazardous Air Pollutants under the Clean Air Act.^[@ref2]^ It is known to be acutely and chronically toxic if inhaled, swallowed, or when it comes in contact with skin and eyes. It is also suspected to be mutagenic.^[@ref1]^ Furthermore, phenol is a degradation product of phenolic additives (stabilizers) in plastic and rubber cultural heritage objects and thus an early indicator of their deterioration in museum collections.^[@ref3]^ These reasons necessitate the development of reliable, sensitive, and portable phenol sensors capable of on-site detection in real time or near-real time, particularly in the fields associated with the environment, occupational health and safety, and cultural heritage preservation.

Phenol and other phenolic compounds are typically detected with techniques such as gas chromatography coupled to mass spectrometry^[@ref4],[@ref5]^ and/or solid-phase microextraction,^[@ref6],[@ref7]^ various spectroscopic techniques (surface-enhanced Raman spectroscopy,^[@ref8]^ infrared spectroscopy,^[@ref9]^ colorimetry,^[@ref10]^ fluorimetry^[@ref11]^), and electrochemical sensing approaches (piezoelectric,^[@ref12],[@ref13]^ capacitive,^[@ref14]^ chemiresistive,^[@ref15],[@ref16]^ amperometric,^[@ref17],[@ref18]^ voltammetric,^[@ref18],[@ref19]^ impedance^[@ref20]^). Although these routes offer promising analytical opportunities, there remains a need to develop robust, inexpensive, and disposable detectors that can be deployed autonomously without the need for laborious sample pretreatment or specific experimental conditions, such as increased temperature in the case of chemiresistive sensing.

At present, most electrochemical gas sensors exploit conductometric/chemiresistive principles.^[@ref21]−[@ref23]^ They are usually based on selected metal oxides, which enable favorable sensitivity but somewhat limited selectivity and encounter difficulties under humid conditions or in the presence of sulfur compounds and weak acids.^[@ref24]−[@ref26]^ In addition, these sensors mostly operate at elevated temperatures (100--500 °C) and are thus severely limited in practical use.^[@ref25],[@ref26]^ Even the conductometric sensors designed particularly for operation at ambient temperatures suffer from decreased stability and sensitivity, particularly after exposure to moisture or prolonged operation time.^[@ref22],[@ref23]^ Other but comparatively less common schemes include amperometric or voltammetric gas sensors.^[@ref27],[@ref28]^ Several approaches have been demonstrated, such as the incorporation of polymeric membranes for the separation of a liquid electrochemical cell from the outer atmosphere,^[@ref27]^ the employment of selected ionic liquids as nonvolatile electrolytes on the electrode surface,^[@ref17],[@ref29],[@ref30]^ and enzyme-based electrochemical sensors.^[@ref31],[@ref32]^

Herein, we demonstrate a novel, simple voltammetric sensor based on sodium polyacrylate as an alkaline, semisolid, gel-like material enabling the accumulation of gaseous phenol, its deprotonation, and electrochemical oxidation into *p*-benzoquinone.^[@ref33]^ The sensor is functional under ambient conditions and susceptible to few interferences. It also shows sensitivity to other phenolic compounds, such as guaiacol and creosol, but at different electrode potentials, demonstrating favorable selectivity for phenolic compounds and possible differentiation among selected substances of this class.

Experimental Section {#sec2}
====================

Materials and Reagents {#sec2.1}
----------------------

Methanol (VWR International); ethanol (Carlo Erba Reagents); acetone and 2-nitrophenol (both from Honeywell Riedel-de Haën); ammonia, hydrochloric acid, formaldehyde, and glacial acetic acid (all from Merck); and benzaldehyde, phenol, creosol, guaiacol, and syringol (all from Sigma-Aldrich) were of the analytical grade. Pure O~2~ was received from Messer. Test solutions yielding the desired gaseous-phase analyte concentrations according to Henryʼs law^[@ref34]^ were prepared in tightly closed 100 mL glass flasks. All solutions used in this work were prepared using Milli-Q water (*R* = 18.2 MΩ). A plastic artifact used to test the sensorʼs performance in a complex real sample was provided by the Institute for Sustainable Heritage, University College London, United Kingdom.^[@ref3]^

Synthesis and Characterization of the Sensing Material {#sec2.2}
------------------------------------------------------

Sodium polyacrylate was prepared by mixing 5.0 mL of a 1.0 M NaOH solution (Sigma-Aldrich) with 0.18 g of solid polyacrylic acid (450 000 g mol^--1^; Sigma-Aldrich), which resulted in a NaOH/polyacrylic acid molar ratio of 2:1, sodium polyacrylate mass concentration of 7%, and a pH of 14. Ionic conductivity measurements (σ, S cm^--1^) of the sodium polyacrylate were carried out by electrochemical impedance spectroscopy using an Autolab PGSTAT30 (Metrohm/Eco Chemie) equipped with a frequency response analyzer and platinum electrodes. Rheological studies were performed with a Physica MCR 301 rheometer using a cone-plate stainless steel sensing system CP50/2 at 25 °C and a zero gap of 0.209 mm (Anton Paar). Infrared spectra were recorded on a monocrystalline silicon wafer substrate using an IFS 66/S Fourier transform infrared (FTIR) spectrometer (Bruker Optics) in transmission mode over the range of 4000--650 cm^--1^ with a resolution of 4 cm^--1^. One measurement consisted of an average of 128 spectra. Thermogravimetric analysis was conducted with a thermogravimetric analyzer (Mettler Toledo) equipped with the STARe Excellence software in a N~2~ atmosphere (20 mL min^--1^) in the range of 30--1000 °C with a temperature ramp of 10 °C min^--1^.

Electrochemical Measurements {#sec2.3}
----------------------------

The measurements were conducted immediately after drop-casting 20 μL of sodium polyacrylate onto a screen-printed electrode (DRP-110, Metrohm DropSens, designed for working with microvolumes), which consists of a carbon working electrode (*d* = 4 mm), a carbon counter electrode, and a silver quasi-reference electrode ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}). Cyclic voltammetric and square-wave voltammetric measurements in the gas phase were carried out using a portable PalmSens4 potentiostat/galvanostat (PalmSens BV) in combination with a cable connector for screen-printed electrodes (DRP-CAC 71606, Metrohm DropSens) and the PSTrace 5.7 software (PalmSens BV). All measurements were performed at room temperature (22--23 °C) in a model atmosphere above the corresponding analyte solutions and in the presence of atmospheric gases. The electrode topography was recorded with the Ametek Zygo ZeGage Pro HR 3D optical profiler system.

![(A) Scheme of the detection principle. (B) Image of the supporting screen-printed electrode. (C) Topographical profile of the electrodes with a lagooned geometry for working with microvolumes. CE, counter electrode; WE, working electrode; RE, reference electrode.](se0c00973_0001){#fig1}

Gas Chromatography--Mass Spectrometry with Flame Ionization Detection (HS--GC--MS) {#sec2.4}
----------------------------------------------------------------------------------

The results of electrochemical detection were validated with an Agilent 7890B gas chromatograph. The system consisted of a 7697A headspace sampler, a 7890B inlet, and a 5977A single quadrupole MS detector. The data were acquired with the Agilent MassHunter software. The separations were performed on a Zebron ZB-5 ms analytical column (30 mm × 0.32 mm × 1.0 μm).

The determination of phenol content in the vapor phase was performed with headspace GC--MS as follows. Headspace parameters: loop temperature, 185 °C; transfer line temperature, 190 °C; oven temperature, off (room temperature); equilibration time, 0 min; injection time, 1 min; cycle duration, 19 min; shaking, 136 times/min. GC parameters: injection temperature, 275 °C; split injection mode; split ratio, 1:1; helium mobile phase; pressure on the chromatographic column 4 psi (flow, 3.27 mL min^--1^); column temperature gradient, 80 °C//10 °C min^--1^//230 °C (0 min); transfer line temperature, 280 °C.

The MS detection was held on a single quadrupole detector in the SIM mode at *m*/*z* values of 39.00, 66.00, and 94.00. The chromatogram was scanned in a 2 min time segment with a solvent delay of 2 min. For all three SIM *m*/*z* values, the detector gain factor was set to 0.800, and the dwell time was set to 10.

Results and Discussion {#sec3}
======================

Sodium Polyacrylate Characterization {#sec3.1}
------------------------------------

The infrared spectrum of sodium polyacrylate revealed the expected absence of carboxylic protons, which had been exchanged with sodium cations. The −OH vibrations with a broad signal at 3367 cm^--1^, low signal at 2200 cm^--1^, and a shoulder at 856 cm^--1^ could be ascribed to a weak hydrogen bond, showing the existence of residual water ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}A). Accordingly, the thermogravimetric profile ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}B) showed the presence of weakly bound water followed by polymer decomposition. Viscosity decreased almost exponentially from approximately 250 000 mPa·s at a shear rate of 1 rpm to 20 000 mPa·s at 100 rpm ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}C), which is a typical behavior of entangled long polymer chain molecules becoming untangled/ordered with increasing shear rate (shear thinning). The shear stress increased nonlinearly with increasing shear rate and leveled off at approximately 50 rpm, reflecting possible structure degradation above this value ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}D).

![Physicochemical and rheological properties of sodium polyacrylate. (A) Infrared transmission spectrum. (B) Thermogravimetric profile in an N~2~ atmosphere at 10 °C min^--1^. (C) Viscosity and (D) shear stress after 8 h aging in N~2~ flow (red) in comparison to glycerol as a typical model Newtonian liquid (blue).](se0c00973_0002){#fig2}

As anticipated due to the presence of Na^+^ and OH^--^, the ionic conductivity measurement yielded a relatively high value of 26.4 mS cm^--1^, which is in accordance with good electrochemical operation. We can conclude that sodium polyacrylate displays a semisolid consistency together with strong intermolecular interactions due to long polymer chains, as well as possible intermolecular cross-linking/coordination with sodium cations. Thus, it exhibits a non-Newtonian (pseudo-plastic) character, compared to a typical model Newtonian liquid, such as glycerol.

Electrochemical Characterization {#sec3.2}
--------------------------------

Preliminary cyclic voltammetric experiments under ambient conditions in the potential range of −1.0 to +0.8 V revealed a phenol oxidation signal at approximately +0.5 V ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}). The alkaline environment of sodium polyacrylate (pH = 14) promoted the accumulation and electrochemical oxidation of gaseous phenol to *p*-benzoquinone through the phenolate intermediate.^[@ref33]^ Accordingly, a weak *p*-benzoquinone reduction peak could be observed at approximately +0.4 V ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}). Sodium polyacrylate mixtures with different molar ratios of NaOH and polyacrylic acid (2:1, 1:1, and 1:2) and pure polyacrylic acid were also tested; the mixture of NaOH/polyacrylic acid = 2:1 exhibited the highest response to gaseous phenol (data not shown) and was thus selected for further studies.

![Cyclic voltammograms of 1.0 ppmv gaseous phenol after 30 min accumulation (red) together with a background response (blue) obtained at the sodium-polyacrylate-based gas sensor. The scan rate was 100 mV s^--1^.](se0c00973_0003){#fig3}

In the cathodic region, the sensor showed a strong signal at ca. −0.8 V due to the oxygen reduction reaction ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}), which was corroborated by purging the experimental atmosphere with pure O~2~. However, since the presence of O~2~ did not interfere with the phenol signal in the anodic region, this process was not further investigated. A weak oxidation signal was also observed at around +0.2 V, presumably due to silver leaching from the quasi-reference silver electrode; this signal was present in all measurements and did not interfere with the phenol signal. All of the following studies were done in the square-wave voltammetric mode in the range of 0.0 to +0.7 V.

The sensor maintained a stable electroanalytical performance for approximately 30 min of exposure to ambient air, after which it began to dry and lose its sensitivity to gaseous analytes. However, a dried sensor (e.g., after being exposed to ambient air overnight) could be recovered by exposing it to a humid atmosphere, e.g., above the water surface in a water-filled flask. Still, the response to gaseous analytes remained attenuated. For example, the response of such a recovered sensor after a 30 min exposure to 1.0 ppmv of phenol was about 36% of the response of a freshly prepared sensor (data not shown). Thus, all of the following measurements were done with freshly prepared sensors.

Electroanalytical Performance Study {#sec3.3}
-----------------------------------

The influence of the accumulation time upon the sensorʼs voltammetric response was studied at a phenol concentration of 1.0 ppmv ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}), which is at the low end of the typical detection range of chemiresistive sensors.^[@ref23]^ The response initially increased almost linearly with increasing accumulation time and started to level off at 105 min, implying the saturation of the sensing surface. Therefore, the accumulation time of 60 min was selected as optimal under these conditions. In addition, when increasing the accumulation time, a shift of the phenol signal toward less positive potentials could be observed; this phenomenon can be attributed to lower reaction reversibility and different analyte diffusion pattern at this sensor setup.^[@ref35]^

![Square-wave voltammograms for nine successive measurements of 1.0 ppmv phenol in 15 min accumulation intervals (color lines) together with the background response (gray line). All measurements were taken with the same sensor. Square-wave voltammetric scan with a frequency of 25 Hz, an amplitude of 50 mV, and a potential step of 4 mV. The inset shows the corresponding calibration plot.](se0c00973_0004){#fig4}

The sensorʼs response to gaseous phenol was linear in the examined concentration range of 0.1--1.0 ppmv after 60 min accumulation ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}A, showing three different sensors per time point, *R*^2^ = 0.989). Notably, a very high sensor-to-sensor reproducibility was achieved; the intersensor relative standard deviation was 6.8% after a 15 min accumulation of 500 ppbv phenol (*n* = 10). The proposed sensor was also tested for trace phenol concentrations and found to yield a detectable and measurable signal after a 120 min accumulation of only 10.0 ppbv phenol ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}B). Even lower detection limits could be anticipated at longer accumulation times.

![(A) Signal height plot for increasing concentrations of gaseous phenol in the range of 0.1--1.0 ppm after 60 min accumulation (three different sensors per time point). (B) Square-wave voltammograms in the presence of only 10.0 ppbv gaseous phenol after 120 min accumulation (red) together with the background (blue). Other conditions are as in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}.](se0c00973_0005){#fig5}

It is important to note that transferring the sensor from phenol-containing (500 ppbv) to phenol-free atmosphere for 30 min did not result in signal attenuation. Moreover, after the second exposure to 500 ppbv of phenol for 30 min, the accumulation continued, and the signal became superimposed on the previous one, resembling the signal after uninterrupted exposure to 500 ppbv of phenol for 60 min. Continuous cycling voltammetry in the phenol-free atmosphere in the potential range of 0.0 to +0.8 V attenuated the phenol peak with each cycle, but only for approximately 79% after 20 cycles (data not shown). It can be assumed that under these conditions, a relatively stable redox system was established when gaseous phenol was accumulated in alkaline sodium polyacrylate medium, and continuous cycling only depleted the diffusion layer but not the bulk electrolyte.

Interferences {#sec3.4}
-------------

The sensorʼs operation was investigated in the presence of selected organic and inorganic gaseous compounds. No response to up to 500 ppmv of methanol, ethanol, formaldehyde, benzaldehyde, acetone, acetic acid, ammonia, or hydrochloric acid was detected by cyclic voltammetry in the examined potential window of −1.0 to +0.8 V after 30 min accumulation (data not shown). In the next step, the sensor was exposed to a mixture of 1 ppmv of phenol and 100 ppbv, 1 ppmv, or 10 ppmv of each of the listed gaseous compounds ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). Again, none of the listed compounds at any of the tested concentrations affected the phenol signal height. However, formaldehyde caused the phenol signal to shift in the anodic direction, and 10 ppmv methanol caused the oxidation potential to shift for ±25 mV around the expected +0.5 V ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). The anodic shift caused by formaldehyde could be explained through the emergence of base-catalyzed polymeric products of phenol and formaldehyde, which is a well-known reaction exploited in the production of phenol--formaldehyde resins. On the other hand, a signal shift due to the presence of methanol could be explained by enhanced drying of the sensor surface or the effect on the binder that holds the screen-printed system together.

###### Effect of Selected Potentially Interfering Organic and Inorganic Compounds on the Oxidation Potential of 1 ppmv of Phenol after 30 min Accumulation[a](#t1fn1){ref-type="table-fn"}

                 concentration                                                                 
  -------------- -------------------------------------- -------------------------------------- ---------------------------------------
  methanol       no effect (*n* = 2)                    no effect (*n* = 2)                    potential shift of ±25 mV (*n* = 3)
  ethanol        no effect (*n* = 2)                    no effect (*n* = 2)                    no effect (*n* = 2)
  formaldehyde   anodic shift for ca. 40 mV (*n* = 3)   anodic shift for ca. 50 mV (*n* = 3)   anodic shift for ca. 230 mV (*n* = 3)
  benzaldehyde   no effect (*n* = 2)                    no effect (*n* = 2)                    no effect (*n* = 2)
  acetone        no effect (*n* = 2)                    no effect (*n* = 2)                    no effect (*n* = 2)
  acetic acid    no effect (*n* = 2)                    no effect (*n* = 2)                    no effect (*n* = 2)
  HCl            no effect (*n* = 2)                    no effect (*n* = 2)                    no effect (*n* = 2)
  NH~3~          no effect (*n* = 2)                    no effect (*n* = 2)                    no effect (*n* = 2)

Two or three measurements with different sensors were taken per concentration of an individual interferent. Other conditions are as in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}.

Response to Other Phenolic Compounds {#sec3.5}
------------------------------------

The sensor was further studied for the detection of 2-nitrophenol, a precursor in the manufacture of dyes, rubber, and fungicides; guaiacol (2-methoxyphenol), a component of wood smoke, essential oils, and flavors; syringol (2,6-methoxyphenol), another important component of wood smoke; and creosol (4-methyl-2-methoxyphenol), a disinfectant. The sensor did not respond to 0.5 ppmv of 2-nitrophenol or syringol in the potential range of 0.0 to +0.7 V, whereas the same concentration of guaiacol and creosol yielded a signal at ca. +0.26 and +0.23 V, respectively ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}). It is evident that the peaks of guaiacol and creosol were well distinguished from the one of phenol and that every additional functional group decreased the sensitivity of the sensor for these compounds. Further studies are necessary to fully characterize the sensorʼs responsiveness and discriminatory power for various phenolic compounds.

![Square-wave voltammograms in the presence of 0.5 ppmv gaseous syringol (turquoise), phenol (red), guaiacol (green), creosol (violet), and 2-nitrophenol (ocher) after 30 min accumulation. Other conditions are as in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}.](se0c00973_0006){#fig6}

Performance in a Complex Real Sample {#sec3.6}
------------------------------------

The sensorʼs suitability for practical application was successfully demonstrated by exposing the sensor for 30 min to a real plastic artifact known to emit phenol^[@ref3]^ under ambient conditions ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}A). As can be seen, the released phenol was accumulated and readily detected against the flat background recorded in the absence of the plastic artifact ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}B). The concentration of emitted phenol was calculated to be 174 ppbv (taken with three different sensors). No peaks indicative of other phenolic compounds were observed.

![(A) Photo of the plastic artifact in a glass chamber together with an exposed gas sensor. (B) Square-wave voltammogram of gaseous phenol released from the artifact after 30 min (red) together with the background response (blue). Other conditions are as in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}.](se0c00973_0007){#fig7}

Comparison to a Standard Analytical Method {#sec3.7}
------------------------------------------

The sensorʼs performance was compared to that of the HS--GC--MS technique. First, HS--GC--MS was used to check the sensorʼs response to the standard solutions used for its calibration. As can be seen in [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}, both calibration curves closely matched. Second, HS--GC--MS was used to validate the determination of phenol emissions from the plastic artifact. Since the HS--GC--MS headspace needs to be heated above room temperature to function properly, this changes the experimental conditions, and the obtained values are not directly comparable to those yielded by the electrochemical sensor for the same sample headspaces. Therefore, the results should be appropriately corrected for the change in Henryʼs constant with temperature.^[@ref36]^ The concentration obtained by the HS--GC--MS and corrected for Henryʼs constant was 115 ppbv, which matches well with the result of the electrochemical sensor. One should also consider that the plastic artifact does not necessarily emit phenol at a constant rate. Furthermore, in line with the electrochemical sensor, no additional molecular fragments indicative of other phenolic compounds were detected with HS--GC--MS.

![Calibration curves obtained with the novel electrochemical gas sensor after 30 min accumulation (red) and HS--GC--MS (blue) for the same phenol standards. Each calibration point is an average of three individual measurements (three different sensors in the case of electrochemical detection). Other conditions pertaining to the sensor are as in [Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}.](se0c00973_0008){#fig8}

Comparison with Similar Phenol Sensors {#sec3.8}
--------------------------------------

Although the literature on sensors for phenol dissolved in aqueous and nonaqueous media is abundant, there are comparatively much fewer reports on sensors for gaseous phenol. Some typical examples are collected in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}. As can be seen, amperometric and voltammetric sensors are generally able to reach lower detection limits and are more selective to phenol and other phenolic compounds than piezoelectric, capacitive, or chemiresistive sensors. A notable exception is the chemiresistive sensor based on reduced graphene oxide/metal oxide p--n heterojunction aerogel, which was reported to detect 10 ppb phenol under ambient conditions yet still suffered from considerable cross-reactivity to ammonia, oxygen, ethanol, methanol, benzene, and methylbenzene.^[@ref16]^ In comparison to the listed sensors, the sensor described in this work is undoubtedly competitive and offers an additional benefit of a simple sensory material synthesis and facile sensor preparation (i.e., a simple drop-casting from the preprepared sensing solution), which does not require specialist knowledge. The sensorʼs disadvantages, particularly the tendency of the sensory material to dry with time, will be addressed in our future research using ionic liquids. However, as demonstrated in this work, the use of freshly prepared disposable sensors is completely feasible.

###### Phenol Detection Limits of Several Comparable Gas Sensors Based on Electrochemical Sensing Approaches[a](#t2fn1){ref-type="table-fn"}

  type of sensor for gaseous phenol                                                                    lowest measured phenol concentration                                                                  advantages                                                         disadvantages                                                                    reference
  ---------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------- ------------------------------------------------------------------ -------------------------------------------------------------------------------- ------------
  enzyme microbiosensor based on polyphenol oxidase (amperometric)                                     30 ppb                                                                                                unhindered stability for 5 days                                    sensitive to temperature and relative humidity                                   ([@ref31])
  fouling of the electrode surface by quinone polymer formation                                                                                                                                                                                                                                                                                                  
  enzyme/gas-diffusion electrode based on tyrosinase (amperometric)                                    14 ppb[b](#t2fn2){ref-type="table-fn"} (above a 10 μM phenol solution)                                remains active for more than 20 days                               requires sufficient oxygen supply for the enzyme to operate                      ([@ref32])
  sensitive to other phenolic compounds (*p*-cresol, 4-chlorophenol)                                                                                                                                                                                                                                                                                             
  extracts of *Pleurotus ostreatus* mushroom (piezoelectric)                                           6.5 ppm                                                                                               fast response (25--30 s)                                           sensitive to relative humidity (operative at ≤60%)                               ([@ref12])
  reversible                                                                                                                                                                                                                                                                                                                                                     
  an array of commercial gas sensors (Figaro, Inc.) based on polycrystalline SnO~2~ (chemiresistive)   10 ppm                                                                                                fast response (2--4 min)                                           individual sensors are nonspecific                                               ([@ref15])
  operative at room temperature                                                                        complex data analysis is required (cluster analysis, principal component analysis)                                                                                                                                                                        
  enables sample fingerprinting                                                                                                                                                                                                                                                                                                                                  
  filter paper soaked in ionic liquid (amperometric)                                                   14 ppm[b](#t2fn2){ref-type="table-fn"} (above a 10 mM phenol solution)                                fast response in flow injection analysis (base peak width \<6 s)   selectivity and interferences not reported                                       ([@ref17])
  Inexpensive supporting material                                                                                                                                                                                                                                                                                                                                
  filter paper soaked in ionic liquid (amperometric)                                                   7 ppb[b](#t2fn2){ref-type="table-fn"} (above a 5 μM phenol solution)                                  fast response in flow injection analysis (base peak width \<6 s)   selectivity and interferences not reported                                       ([@ref30])
  Inexpensive supporting material                                                                                                                                                                                                                                                                                                                                
  reduced graphene oxide/metal oxide p--n heterojunction aerogel (chemiresistive)                      10 ppb                                                                                                operative at room temperature                                      several interferences (NH~3~, O~2~, ethanol, methanol, benzene, methylbenzene)   ([@ref16])
  reversible and stable                                                                                                                                                                                                                                                                                                                                          
  porous graphene oxide (capacitive)                                                                   75 ppm                                                                                                operative at room temperature                                      sensitive to relative humidity                                                   ([@ref14])
  fast response and recovery                                                                           nonfunctionalized graphene oxide is prone to interferences (ammonia, ethanol, toluene, cyclohexane)                                                                                                                                                       
  reversible                                                                                                                                                                                                                                                                                                                                                     
  Selectivity can be achieved by graphene oxide functionalization                                                                                                                                                                                                                                                                                                
  alkaline sodium polyacrylate/commercial screen-printed carbon electrodes (voltammetric)              ≤10 ppb                                                                                               straightforward, disposable setup                                  prone to drying after prolonged exposures                                        this work
  few interferences                                                                                                                                                                                                                                                                                                                                              
  operative at room temperature                                                                        formaldehyde causes a signal shift                                                                                                                                                                                                                        
  sensitive to other phenolic compounds, but selectively                                               irreversible                                                                                                                                                                                                                                              

The study selection is not exhaustive.

Our recalculation based on Henryʼs constant for phenol.^[@ref34]^

Conclusions {#sec4}
===========

Alkaline sodium polyacrylate drop-cast onto a commercial screen-printed carbon electrode was demonstrated to yield a highly sensitive disposable sensor for the detection of gaseous phenol. The sensorʼs sensitivity to some other phenolic compounds at the potentials that are well differentiated from that of phenol, in combination with the insensitivity to several potentially interfering organic and inorganic gases, gives room for further optimization of its selectivity and multianalyte sensing. The presented sensor thus provides a solid foundation for the future development of sensitive and robust gas sensing systems that could be applicable in the fields of environmental monitoring, preservation of cultural heritage, and reduction of occupational health hazards.

^∥^ National Museum of Slovenia, Muzejska ulica 1, SI-1000 Ljubljana, Slovenia.
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